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Specification 

1 . Title of the Invention 

Diamond color measurement device 

2. Claims 

1 . A diamond color measurement device formed endowed with a light source part; 
a holder part that holds a diamond by the pavilion side so that the measuring light from 
that light source is irradiated into the diamond from the table surface side of a brilliant cut 
diamond, a light receiving part that detects the measuring light that radiates out to the 
table surface side again passing through the inside of the diamond, a measuring part that 
controls a spectroscope, etc., contained in at least one of the above-mentioned light 
measuring part or light receiving part and obtains the spectral transmission spectrum of a 
diamond, as well as a computing part that obtains the tristimulus values X, Y, Z of color 
from that spectral transmission spectrum. 

2. A diamond color measurement device formed endowed with a rotary type 
holder part that holds a diamond by the pavilion side to irradiate into a diamond from the 
table surface side of a diamond a measuring light from the above-mentioned light source 
part while causing the diamond to rotate centered on a rotation axis passing through the 



culet and the center of the table of a brilliant cut diamond; a light receiving part that 
detects the measuring light irradiated out to the table surface side again passing through 
the inside of the diamond; a measuring part that controls a spectroscope, etc., contained in 
at least one of the above-mentioned light measuring part or light receiving part and obtains 
the spectral transmission spectrum of a diamond, as well as a computing part that obtains 
the tristimulus values X, Y, Z of color from that spectral transmission spectrum. 

3. The device mentioned in Claim 2 above that is one in which the light source part 
is composed of a light source lamp and a spectroscope, which irradiates monochromatic 
light directly into a diamond, and in which the light receiving part is composed of an 
integrating sphere and a light receiving device, and the light irradiated from the diamond is 
indirectly detected via the inside surface of the integrating sphere. 

4. The device mentioned in Claim 2 that is one in which the light source part is 
composed of a light source lamp and a spectral diffraction means and an integrating 
sphere, which indirectly irradiates monochromatic light to a diamond via the inside surface 
of the integrating sphere, and a light receiving part composed of a light receiving device, 
and which directly detects the light irradiated out from the diamond. 

5. The device mentioned in Claim 2 that is one in which the light source is 
composed of a light source lamp, white light is directly irradiated to the diamond, and the 
light receiving part is composed of an integrating sphere and a spectroscope and a light 
receiving device, and the light that is irradiated out from the diamond is detected as 
monochromatic light directly, and by means of the spectroscope, via the inside surface of 
the integrating sphere. 

6. The device mentioned in Claim 2 that is one in which the light source part is 
composed of a light source lamp and an integrating sphere, white light is indirectly 
irradiated to the diamond via the inside surface of the integrating sphere, and the light 
receiving part is composed of a spectroscope and a light receiving device, and the light 
irradiating out from the diamond is directly, and by means of the spectroscope, detected as 
monochromatic light. 

3. Detailed Description of the Invention 

This invention concerns a diamond color measurement device, and concerns a 
device that measures the spectral transmission spectrum of a diamond, and from that 
spectral transmission spectrum obtains the tristimulus values X, Y, Z of color, and 
evaluates the color grade of a diamond based on them. 

The quality of a diamond is evaluated by the 4 Cs of (I) color, (II) clarity, (III) 
carat, and (IV) cut. Among these, as for the color of (1), sensory judgement that finely 
classifies and evaluates, by means of a person's naked eye, the degree of yellow from 
colorless to light yellow has been carried out exclusively up to now. 



However, with sensory judgement, no matter how expert the observer is, there is a 
problem in its objectivity, and the fact is it is not uncommon that an evaluation differs 
depending on the subjectivity of the observer. On the other hand, now diamonds are 
beginning to circulate as a mass commodity, and, because the market is steadily 
expanding, the emergence of some kind of means by which diamond color measurement 
can be carried out rationally and without being dependent on the subjectivity of an 
observer is. desirable. 

This inventor, has carried out earnest research taking into consideration this kind 
of situation, and has discovered that 

(a) in normal spectral transmission spectrum measurement methods measuring the 
spectral transmission spectrum of a diamond that has been cut in a hyperpolyhedron is 
difficult, but, in the case of a brilliant cut diamond, if measuring light is irradiated to its 
table surface and crown surface, and the dispersed reflected light that radiates out from the 
table surface and crown surface that has been reflected multiple times inside the diamond 
is measured, its spectral transmission spectrum can be known, and 

(b) that, if the color tristimulus values X, Y, Z are calculated from that spectral 
transmission spectrum, and the position on the coloration chart is found based on this, 
there is a correlation between that position and the evaluation based on the former sensory 
judgment method, and furthermore, discovered 

(c) that, at the time of the measurement of the spectral transmission spectrum, if 
measurement is carried out while the diamond is rotated centering on the axis of rotation 
that passes through the center of the table of a brilliant cut diamond and the culet, 
measurement accuracy improves compared to the case that measured with the diamond 
fixed, 

and, as a result of that, is one who formed this invention to offer an effective means to 
objectively evaluate diamond color. 

That is, this invention offers a diamond color measurement device endowed with a 
light source part, a holder part that holds a diamond by the pavilion side so that the 
measuring light from that light source part can be irradiated to the inside of the diamond 
from the table surface side of a brilliant cut diamond, a light receiving part that detects the 
measuring light that has passed through the inside of the diamond and irradiated out at the 
table surface side again, and a measuring part that controls a spectroscope, etc., contained 
in at least one of the above-mentioned light source part or the light receiving part and 
obtains the spectral transmission spectrum of the diamond and a computing part that 
obtains the color tristimulus values X, Y, Z from that spectral transmission spectrum, and 
moreover, offers a diamond color measurement device endowed with a light source part, a 
rotary type holder part that holds a diamond by the pavilion side in order to irradiate the 
measuring light from the above-mentioned light source into the diamond from the table 
surface side of the diamond part while rotating the diamond centering on the axis of 
rotation that passes through the center of the table and the culet of a brilliant cut diamond, 
a light receiving part that detects the measuring light that passed through the inside of the 
diamond and irradiated out at the table surface side again, a measuring part that controls a 
spectroscope, etc., contained in at least one of the above-mentioned light source part or 



light receiving part and obtains the spectral transmission spectrum of the diamond as well 
as a computing part that obtains the color tristimulus values X, Y, Z from that spectral 
transmission spectrum. 



Below, this invention is explained in detail based on the embodiment set forth in 

the drawing. 

(1) set forth in FIG. 1 is one embodiment of the diamond color measurement 
device of this invention. 

The light source part (2) is composed of a halogen light source lamp (3) and a 
prism spectroscope (4) and directly irradiates a monochromatic light (5) to the entire table 
surface side of a brilliant cut diamond (D). The irradiation angle is almost perpendicular 
(90° ~~ 80°) to the table surface. 

As for the diamond (D), as shown in FIG. 1 and FIG. 2, a ceramic white board is 
processed and the diamond is held in the depression part (7) of a holder (6) that provided 
a conical shaped depression part (7) that conforms to the pavilion (P). (T) is the table 
surface of a brilliant cut diamond. 

The holder (6) is provided in a fixed condition together with a standard white 
board (9) on a movable stand (8) of a rack and pinion mechanism. 

The light receiving part (1 1) is composed of an integrating sphere approximately 
200 [illegible] in diameter (12) as well as a photomal light receiving device (13) and the 
light (10) that passed through the inside of the diamond (D) and irradiated out to the table 
surface side again is integrated and detected via the inside surface (14) of the integrating 
sphere. 

The measuring part (15) controls the prism spectroscope (4) and causes the 
wavelength of monochromatic light (5) to vary between approximately 380 - 780 nm, and 
obtains the spectral transmission spectrum of the diamond (D) by means of the data 
detected from the light receiving part (1 1) at this time. Further, it controls the movable 
stand (8) and measures the standard white plate (9) instead of the diamond (D) and carries 
out calibration of the data. 

The computing part (16) obtains the color tristimulus values X, Y, Z from the 
spectral transmission spectrum obtained by the measuring part (15) and, basically, carries 
out the following calculations. 



X = k[ <p(X)x(k)d\ 



(I) 




(II) 



(III) 



Here, cp(A-): spectral transmission spectrum 



y(fi)> isochromatic function 
K is a constant in order to make Y equivalent to the measurement amount 

If values previously evaluated with the above-mentioned X, Y, Z values obtained 
by the computing part (16) are compared with a color grade table obtained measuring an 
already known diamond, the color grade of that diamond (D) can immediately be 
objectively known, but in the device (1) of this embodiment, so that the color grade can be 
more easily recognized, the computing part (16) further carries out the following 
processing. 

That is, the computing part (16) computes to make the color coordinates x, y from 
the above-mentioned X, Y, Z. 

x = X/X + Y + Z (IV) 
y = Y/X + Y + Z (V) 

Next, this x, y coordinate is output to a plotter (17) and the coordinate point is 
entered on the chart form as shown in FIG. 3 set in the plotter (17). 

By means of this the operator can obtain the chart as shown in FIG. 4, for 
example, but since the coordinate point (a') has been entered in the "H" area near the "G" 
area, the fact that the color grade of this diamond is grade "H" near grade "G" can be 
immediately known. 

Now, since the chart form of FIG. 3 is something which repeatedly drew a scale 
(broken line part of FIG. 3), empirically prepared by measuring many times with this 
device (1) a diamond for which the evaluation value of the system of the Gemological 
Institute of America (G.I. A.) was already known and plotting on a color chart many of the 
coordinates obtained, on coordinates (FIG. 3 solid line) that extracted and drew part of 
the color chart, the evaluation values are the color grades of the G.I. A. system. 

As another color grade evaluation system, there is the C. I. B. J. 0. (International 
Confederation of Jewelry, Silverware, Diamonds, Pearls and Stones) system, but if a scale 
is prepared in the same way as mentioned above and it is marked on a transparent plate 
and made a template, by putting that template on FIG. 4 the color grade of another system 
can be easily known and it is convenient. 

(21) shown in FIG. 5 is another embodiment of the diamond color measurement 
device of this invention. 

The light source part (22) is composed of a Canon light source lamp (23) and an 
integrating sphere (32), and via the inside surface (34) of the integrating sphere white 
dispersed light (25) is indirectly irradiated to the table surface side of a brilliant cut 
diamond (D), and irradiated on a standard white plate (29). 



The diamond (D) is held in the same kind of holder (26) as that of the above- 
mentioned embodiment. 

The light (30) irradiated out from the table surface side of the diamond (D) held in 
the holder (26) as well as the light (38) reflected from the standard white plate (29) are 
respectively reflected by mirrors (39) (40), pass through the sector mirror (28) and are 
detected in the light receiving part (31). 

The light receiving part (31), composed of the grating spectrograph (24) and the 
photomal light receiving device (33), selects the wavelength of the white light (41) that 
irradiates in, converts it to monochromatic light (42) and detects. 

The measuring part (35) controls the grating spectrograph (24), changes the 
detected wavelength between about 380 nm - 780 nm and in addition controls the. sector 
mirror (28) and switches the diamond (D) and standard white plate (29) and obtains the 
spectral transmission spectrum of the diamond (D). 

The computing part (36) is the same type of item as the computing part (16) of the 
above-mentioned embodiment and obtains the color tristimulus values X, Y, Z from the 
spectral transmission spectrum obtained by the measuring part (35). Further, it computes 
the color coordinates x, y, and outputs to the same kind of plotter (37) as that of the 
above-mentioned embodiment. 

Consequently, in this device (21) also a chart the same as that of FIG. 4 is 
obtained, and the color grade of that diamond (D) can be known immediately. 

Now, in this device (1), since white light is irradiated to the diamond (D), 
ultraviolet light in the vicinity of a wavelength of 350 nm also is irradiated, and if the 
diamond (D) has fluorescence, a spectral transmission spectrum tinged with that 
fluorescence is obtained. Incidentally, it is said that about 1% of all diamonds have 
fluorescence. 

Using each constituent element of device (1) and device (21) of the above- 
mentioned embodiments the following four modified embodiments are possible. 

(a) In device (21), a configuration that uses the light source part (2) of device (1) in place 
of the light source lamp (23), 

(b) a configuration that omits the spectroscope (24) from the constitution of the above- 
mentioned (a), 

(c) in device (1), a configuration that newly positions a spectroscope also immediately 
before the light receiving device (13), 

(d) a configuration that omits the spectroscope (4) from the configuration of the above- 
mentioned (a), 

and, for the switching of the measurement of the diamond and the measurement of 
the standard white plate, either the system that mechanically replaces the diamond with the 



standard white plate as in device (1), or the system that optically replaces by means of a 
sector mirror as in device (21) can be arbitrarily selected. 

Next, as an embodiment of this invention, one in which the holder part is a rotary 
type holder is set forth. 

(50) set forth in FIG. 6 is an example of one configuration of that rotary type 
holder part, and is, basically, configured with a holder (56) of the same type as that of the 
holder (6) (26) explained in the above-mentioned embodiments installed on the front 
surface of a rotating stand (51) rotated by a motor (M). (60) is the rotation axis, and when 
a diamond (D) is held, it is the axis that passes through the center of the table (T) and the 
culet (Q) of that diamond (D). 

Further, this rotary type holder part (50) is a suction type that holds a diamond by 
vacuum suction. That is, a suction hole (58) is made in the direction of the back surface 
from the bottom part of the conical shaped depression (57) provided in the front surface of 
the holder (56), and that suction hole (58) is linked to the vacuum (52) provided in the 
inner part of the rotating stand (5 1). A ring shaped fixed ring (53) is mounted around the 
body (51a) of the rotating stand (51), and since a groove (53a) along the inner 
circumference surface is provided in the inside surface of that fixed ring (53), a ring 
shaped space (54) is formed on the periphery of the body (51a). This ring shaped space 
(54) is linked to the above-mentioned internal space (52) of the rotating stand via a 
circulation hole (55). . . , and air is suctioned by means of a vacuum pump (V). 
Accordingly, the suction hole (58), space (52), circulation hole (55) and space (54) form 
negative pressure, and the diamond (D) is suctioned and held. 

The elements and configuration other than the rotary type holder part (50) of the 
diamond color measurement device formed using this rotary type holder part (50) are the 
same as each element and configuration of the device (1) (21) of the embodiments 
mentioned above as well as the modified embodiments thereof Accordingly, the 
explanation has been omitted. 

Now then, when measurement is carried out while rotating a diamond (D) centered 
on the rotation axis that passes through the center of the table (T) and the culet (Q) of a 
brilliant cut diamond (D) by means of a diamond color measurement device that uses this 
rotary type holder part, the dispersion of the spectral transmission spectrum obtained is 
reduced and the measurement accuracy improves. 

For the purpose of comparison, the spectral transmission spectrum measured with 
the diamond (D) fixed and unchanged is shown in (1) and (h) of FIG. 7, and the spectral 
transmission spectrum measured with a diamond (D) rotated 1000 times a minute is shown 
in (m). When fixed and unchanged in this way, the measurement value differs somewhat 
depending on the direction of the diamond (D), and there is the direction that gives the 
minimum value that corresponds to (1), and the direction that gives the maximum value 



that corresponds to (h). In contrast to this, the measurement value when rotated amounts 
to one that is an average. 



The reason why the measurement value differs depending on the direction in the 
case in which the diamond (D) is fixed, can be thought to be because a diamond (D) is not 
a perfectly symmetrical body, and an integrating sphere also is not a perfectly spherical 
body. 

Since, even in the case of the fixed type, if the direction is changed several times, 
measured and averaged, the same result as that of the rotary type can be obtained, from 
the standpoint of the complexity of the structure of the device the fixed type is good, and 
from the standpoint of shortening the measurement time the rotary type is desirable. 

As in the above, the diamond color measurement device of this invention, 
objectively measures the color of a diamond of a brilliant cut, and can output that 
measurement value in a form that can be simply and easily converted to a color grade that 
has been widely used up to now. 



4. Brief Explanation of the Drawings 

FIG. 1 is an explanatory diagram of the constitution of one embodiment of the 
diamond color measuring device of this invention. FIG. 2 is an explanatory diagram of a 
cross-section of the holder part of the device shown in FIG. 1. FIG. 3 is a drawing of the 
chart form used in the device shown in FIG. 1 . FIG. 4 is a drawing of one example of a 
chart that can be obtained by the device shown in FIG. 1. FIG. 5 is an explanatory diagram 
of the constitution of another embodiment of the device of this invention. FIG. 6 is an 
explanatory diagram of a cross-section that shows an example of one constitution of the 
rotary type holder part. FIG. 7 is a comparison diagram of the spectral transmission 
spectrum measured while a diamond is held fast and the spectral transmission spectrum 
measured while a diamond is rotated. 
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